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Synthesis, Structure and Thermal Properties of Volatile
Indium and Gallium Triazenides**
Rouzbeh Samii,[a] Sydney C. Buttera,[b] Vadim Kessler,[c] and Nathan J. O’Brien*[a]

Indium and gallium nitride are important semi-conductor
materials with desirable properties for high-frequency and
power electronics. We have previously demonstrated high-
quality ALD grown InN and GaN using the hexacoordinated 1,3-
diisopropyltriazenide In(III) and Ga(III) precursors. Herein we
report the structural and thermal properties their analogues
employing combinations of isopropyl, sec-butyl and tert-butyl-

triazenide alkyl groups on the exocyclic nitrogen of the
triazenide ligand. The new triazenide compounds were all
found to be volatile (80-120 °C, 0.5 mbar) and showed very
good thermal stability (200 and 300 °C). These new triazenide
analogues provide a set of precursors whose thermal properties
are determined and can be accordingly tailored by strategic
choice of exocyclic nitrogen alkyl substituents.

Introduction

The electron mobility of indium nitride (InN) makes it highly
suitable as the conduction channel in gallium nitride (GaN)
based high electron mobility transistors.[1,2] Implementation of
these materials into future microelectronic devices requires
high-quality thin films with low impurity levels. Electronic grade
GaN is routinely deposited by chemical vapour deposition
(CVD) at 800–1000 °C using trimethylgallium and NH3.

[3] This
process is not transferrable to InN as it decomposes into
metallic In and N2 gas above 500 °C.[4] Atomic layer deposition
(ALD) is a low temperature variant of CVD that relies solely on
self-limiting surface chemical reactions in order to obtain higher
control, both in film thickness and composition, for material
deposition.[5] To obtain high-quality ALD films, the metal
precursor must have desirable physical and chemical properties.
The precursor must be sufficiently volatile under deposition
conditions to ensure enough of it reaches the growth region. It
must also be thermally stable to prevent gas-phase decom-

position reactions that result in continuous film growth or
contamination at the growing film surface. The precursor
should react reliably and predictably with the surface species
during film growth to form a stable monolayer. To avoid
incorporating impurities into the growing film, the ligand
fragments of the chemisorbed precursor should be non-reactive
and volatile enough to be removed by an intermittent purge
pulse.

Trimethylindium and trimethylgallium are commonly used
for ALD of InN[6–9] and GaN,[10–15] respectively. However, the films
deposited using these precursors contain high carbon and
oxygen impurities, and non-stoichiometric M/N ratios. The poor
deposition chemistry is due to their covalent M� C bonds, which
makes it difficult to remove all the methyl ligands from the
deposited surface species with NH3 at low temperatures.
Alternatively, homoleptic In(III) and Ga(III) compounds with
highly polarised M� N bonds have been investigated to improve
the deposition chemistry of nitrides. The reported tricoordi-
nated M� N bonded In(III) precursors require bulky ligands to
inhibit polymerisation, leading to non-volatile or thermally
unstable compounds.[16–20] Conversely, the dimeric tris(dimeth-
ylamido)Ga(III) ((Ga(NMe2)3)2) is the only known tricoordinated
M� N bonded compound with sufficient volatility for vapour
deposition.[21] Recently, we used (Ga(NMe2)3)2 and NH3 plasma
to deposit epitaxial GaN on SiC by ALD.[22] Although the films
were near stoichiometric, they contained ~2.8% C impurities,
likely due to the thermal instability of the metal amide surface
species.[23]

Alternatively, monoanionic bidentate amidinate and guani-
dinate ligands have created homoleptic hexacoordinated M� N
bonded In(III) and Ga(III) precursors with improved thermal
stability in comparison to the previously mentioned tricoordi-
nated examples. Their drawbacks, however, are decreased
volatility and surface reactivity from increased molecular weight
and a sterically crowded metal centre, respectively.[24–29] We
initially used In(III) guanidinate (In(guan)3), amidinate (In(amd)3)
and formamidinate (In(form)3) compounds with NH3 plasma to
deposit polycrystalline InN by ALD.[25] In this study, we revealed
the smaller endocyclic carbon substituent on the ligand back-
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bone of In(form)3 gave improved surface chemistry over
In(amd)3 and In(guan)3. The homoleptic hexacoordinated
gallium amidinate (Ga(amd)3)

[28] and guanidinate (Ga(guan)3)
[29]

compounds have no reported volatility data and thus to date
have not been used for vapour deposition.

Our initial InN studies led us to the triazenide ligand, which
has a nitrogen atom in the endocyclic position of the ligand
backbone. At the time, a small number of homoleptic
hexacoordinated In(III) and Ga(III) triazenides were
reported.[30–32] However, in those studies their suitability for
vapour deposition was not investigated. In contrast, we recently
revealed the In(III) and Ga(III) 1,3-diisopropyltriazenides 1a and
2a (Figure 1) and their subsequent use in ALD of InN, GaN,
InGaN and In2O3.

[33–36] It should be noted that 2a was the first
example of a homoleptic hexacoordinated M� N bonded
compound used for vapour deposition. Interestingly, both
compounds underwent gas-phase thermolysis at high temper-
atures inside the ALD reactor to give a smaller and more
reactive metal species. Even though precursor decomposition is
an undesired event in ALD, the in-situ thermolysis of these
compounds was highly beneficial for film growth rate, purity,
and crystalline quality of the deposited films. To further explore
the thermal properties of In(III) and Ga(III) 1,3-dialkyltriazenides,
we made changes to the exocyclic N-alkyl substituent of the
ligand. This provided a series of symmetrical and unsymmetrical
compounds with a range of different physical and chemical
properties for future vapour deposition processes.

Herein, the synthesis, structure, and properties of ten new
tris(1,3-dialkyltriazenido)M(III) compounds, where M= In and Ga
is described. These new compounds were easily synthesised
and purified by either recrystallisation or sublimation. All
compounds were found to be volatile, and the majority gave
single step volatilisation curves by thermogravimetric analysis
(TGA). Differential scanning calorimetry (DSC) analysis showed
all compounds gave two distinct exotherms, with the higher
temperature event most likely precursor decomposition. The
high volatility and unique thermal properties of these new
triazenides make them highly advantageous for use in future
vapour deposition processes of In and Ga containing materials.

Results and Discussion

Synthesis and characterisation of gallium- and indium
triazenide complexes

The appropriate lithiated 1,3-dialkyltriazenide ligand was pre-
pared in the same manner as that for the aluminium
triazenides.[37] Freshly prepared ligand was reacted with either
InCl3 or GaCl3 to give compounds 1b–f and 2b–f (Scheme 1).
All compounds except 1d and 2d were purified by recrystallisa-
tion to give colourless solids. Compounds 1d and 2d were
purified by vacuum sublimation to give colourless semi-solids.
Compounds 1b–f and 2b–f were characterised by X-ray
crystallography, NMR spectroscopy, elemental analysis, sublima-
tion temperature and, for all but semi-solids 1d and 2d,
melting- or decomposition point. All compounds were stable
when stored in solid state for months at room temperature
under inert atmosphere. Exposure to air produced a white solid
formed that was soluble in organic solvents. Most likely, the
compounds decomposed into non-soluble mixed hydroxides
and oxides.

The crystal structures of 1f and 2f showed hexacoordinated
metal centres with three sets of chelating 1,3-di-tert-butyltriaze-
nide ligands (Figure 2). The coordination geometries of the
metal centres are best described as distorted octahedral. These
structures are analogous to those previously reported for 1a
and 2a.[33,34] The diffraction data showed severe disorder for
ligands over a multitude of positions. Estimations from the
crystal structure gave M� N bond lengths of 2.24 and 2.08 Å for
1f and 2f, respectively, and are comparable to 1a, 2a and the
1,3-diphenyltriazenide analogues.[31,33,34] Consequently, the bulky
1,3-di-tert-butyltriazenide ligands had no effect on the M� N
distances. The optimised geometries obtained from DFT
calculations agree with the crystal structures (see supporting
information).

In contrast to their Al(III) analogues,[37] compounds 1b–f and
2b–f had sufficiently rapid exchange to yield time-averaged 1H
NMR spectra at room temperature (see supporting information).
The faster exchange for 1a–f and 2a–f is explained by their
longer M� N bonds, which allows for faster isomerisation via
Rây � Dutt or Bailar twist.[38,39] Compounds with sec-butyl groups
(1b, 1d, 1e, 2b, 2d and 2e) gave two separate multiplets for
the two CH2 protons (~1.40–1.60 and 1.63–1.93 ppm). The up
field multiplet (~1.40–1.60 ppm) resembled a quintet of
doublets (qd) with well-defined and separated peaks for all but
2e. This splitting pattern arises from coupling to the vicinal CH3

and CH with similar coupling constants (3J �6.6 and 7.5 Hz,
respectively). Additionally, the geminal proton splits the signal
in doublets with a coupling constant, 2J�2 · 3J. The downfield
multiplet also resembled a quintet of doublets, however, only
1b gave a well-defined splitting pattern while 1d, 1e, 2b, 2d
and 2e showed additional splitting of each peak (<1 Hz). This
additional splitting is most likely caused by isomerism and not
spin-spin coupling. This is supported by the 13C NMR spectra
binomial splitting patterns, where compounds with one sec-
butyl group per ligand showed triplets (1b, 1e, 2b and 2e),
and two sec-butyl groups showing sextets (1d and 2d).

Figure 1. Previously reported In(III) and Ga(III) 1,3-diisopropyltriazenides 1a
and 2a.
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Thermal Analysis of Indium and Gallium Compounds

All compounds sublimed between 80 and 120 °C at 0.5 mbar.
TGA showed single-step volatilisation with negligible residual
mass for all but compound 10 (Figure 3). Triazenides 1b–f all
show improved volatility over In(famd)3, which previously to 1a
was the best known hexacoordinate M� N bonded In(III)
precursor for ALD.[24] Furthermore, 2b–f along with 2a provide
the first comprehensive set of volatile hexacoordinated M� N
bonded Ga(III) precursors as Ga(amd)3 and Ga(guan)3 have no
reported volatility data.[28,29] The improved volatility of these

new compounds over the literature examples can be explained
by the higher electron density residing on the triazenide ligand
backbone.[37,40,41] Compound 2d showed two distinct mass-loss
events and gave ~21% residual mass. Unfortunately, we were
unable to obtain satisfactory elemental analysis for 2d and thus
the residual mass could be a result of impurities or precursor
decomposition. The first event of 2d volatilised at the same
temperature as free sec-butyl-tert-butyltriazene,[42] while the
second event occurred near that of its analogue 1d (66–120,
180–250 °C, respectively). Compounds 2b–2e gave comparable
onsets of volatilisation to their respective In(III) analogues while

Scheme 1. Synthesis of In(III) and Ga(III) triazenides 1a–f and 2a–f.

Figure 2. ORTEP drawings of the crystal structures for a) 1f and b) 2 f with thermal ellipsoids at the 50% probability level. One of two independent molecules
in the unit cell of 2f is shown. All hydrogen atoms were omitted for clarity.
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2f differed significantly from that of 1f (182 and 204 °C,
respectively). The volatility of 1a–f and 2a–f was directly
proportional to the number of isopropyl groups of the ligand.
That is, 1a and 2a, with di-isopropyltriazenide ligands, were the
most volatile and compounds 1d–f and 2d–f, without isopropyl
groups, were least volatile. This correlation is attributed to the
larger molecular surface area for the compounds employing the
larger tert- and sec-butyl R-groups. The di-sec-butyltriazenides
(1d and 2d) gave onsets of volatility at lower temperatures
than the di-tert-butyltriazenides (1f and 2f), which is attributed
to the chiral centres of the sec-butyl R-groups giving more
disordered crystal structures. Furthermore, the asymmetrical
compounds, 1e and 2e, gave similar onsets to 1d and 2d.
Although structural isomers, the higher volatility of 1d, 1e, 2d
and 2e over 1f and 2f is accredited to their lower symmetry,
resulting in more disordered crystals and lower onsets of
volatilisation. The compounds employing ligands with one
isopropyl R-group (1b, 1c, 2b and 2c) all gave onsets slightly

above lead compounds 1a and 2a. The asymmetric ligand size
and decreased steric bulk of these compounds, in comparison
to the di-butyl derivatives (1d–f and 2d–2f), gave the lowest
onset of volatilisation temperatures of the new compounds.
This is most likely due the unsymmetric size of the ligands,
which would cause voids or irregular stacking of the com-
pounds in solid state and would severely reduce the intermo-
lecular dispersion forces.

DSC was employed in conjunction with melting-, and
decomposition points to study the exothermic events of 1a–f
and 2a–f. All new compounds showed two distinct exothermic
events similarly to previously reported 1a (150–180 and 220–
280 °C) and 2a (160–180 and 200–280 °C). For 1a and 2a,
thermal studies revealed only the second exothermic event was
attributed to decomposition of the precursor. Melting- and
decomposition points were used to probe the new compounds,
which revealed they also possessed thermal stability above the
temperature range of the first DSC exothermic event. The

Figure 3. Thermogravimetric analysis of a) 1a–f and b) 2a–f.

Table 1. Summarised thermal properties (°C) for 1a–f and 2a–f from vacuum sublimation (0.5 mbar), TGA and DSC.

Compound sublimation temp.[a] onset of volatilisation residual mass [%] 1 Torr VP temp. 1st DSC exotherm 2nd DSC exotherm

1a 80 146 <1 134 150-180 220–280
1b 100 157 0 142 145-185 210–290
1c 100 156 0 155 170-200 245–300
1d 95 177 2 166 140-190 200–280
1e 110 170 <1 165 170-200 245–270
1f 120 182 <1 181 220-250 280–320
2a 90 154 <1 137 160-180 200–280
2b 105 166 2 152 135-170 200–280
2c 100 162 0 146 190-215 275–320
2d 85 66,[b] 180[c] 12[d] N/A[e] 125-165 175–270
2e 100 176 0 124 175-200 225–275
2f 120 204 0 188 210-250 280–320

[a] Sublimation was performed at 0.5 mbar of pressure. [b] Refers to the onset temperature of the first volatilisation event that leads to decomposition and
a second volatilisation event. [c] Refers to the onset temperature of the second volatilisation event that leads to ~21% residual mass. [d] Refers to the
residual mass after the two decomposition events observed in the TGA. [e] The 1 Torr vapour pressure could not be obtained due to decomposition.
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temperature range of the second DSC exothermic event
increased with steric bulk around the metal centre as expected.
Compounds 1f and 2f gave the highest temperature range,
both giving an exothermic event between 280–320 °C. Overall,
all compounds in this study showed very good volatility and
thermal stability for use in vapour deposition. The TGA and DSC
results are summarised in Table 1.

Conclusions

In conclusion, we have synthesised a new series of In(III) and
Ga(III) triazenide precursors for use in vapour deposition. The
compounds were easily synthesised and purified by either
crystallisation or sublimation. To our knowledge, this new family
of 1,3-dialkyltriazeniedes are the most volatile hexacoordinated
In(III) and Ga(III) compounds known. The high volatility and
thermal stability of these In and Ga triazenides provides a series
of compounds for future CVD and ALD processes.

Experimental details
Caution! As catenated nitrogen compounds are known to be
associated with explosive hazards, alkylazide and compounds 1a–f
and 2a–f are possible explosive energetic materials. Although we
have not experienced any problems in the synthesis, character-
isation, sublimation, and handling of these compounds, their
energetic properties have not been fully investigated and are
therefore unknown. We therefore highly recommend all appropri-
ate standard safety precautions for handling explosive materials
(safety glasses, face shield, blast shield, leather gloves, polymer
apron, and ear protection) be always used when working with
isopropyl-, sec-butyl- and tert-butylazide, and compounds 1a–f and
2a–f. All reactions and manipulations were carried out under a N2

gas atmosphere on a Schlenk line using Schlenk air-free techniques
or in a N2 gas filled dry box. All anhydrous solvents were purchased
from Sigma-AldrichTM and further dried with 4 Å molecular sieves.
Tert-butyl-, sec-butyl- and isopropylazide were synthesised accord-
ing to the literature procedures.[43,44] InCl3 (99.99%) was purchased
from Sigma-AldrichTM and GaCl3 (99.99%) from ACROS OrganicsTM,
and both were used without further purification. Unless otherwise
stated, NMR spectra were measured at room temperature with an
Oxford Varian 300 or AS500 spectrometers. Solvents peaks were
used as an internal standard for the 1H NMR (300 MHz) and 13C NMR
(75 and 125 MHz) spectra. The ESI-MS data was obtained using a
Thermo Scientific LCQ Fleet ESI-MS instrument. Melting points were
determined in sealed capillaries on a Stuart® SMP10 melting point
apparatus and are uncorrected. Elemental analysis was performed
by Mikroanalytisches Laboratorium Kolbe, Germany.

General Procedure for 1,3-dialkyltriazenide In(III) and Ga(III)
Complexes

Alkyllithium (3 eq.) was added to a solution of alkylazide (3 eq.) in
Et2O at � 78 °C and the reaction mixture was stirred at this
temperature for 30 min, then at room temperature for 1 h. This
solution was then added to a solution of InCl3 or GaCl3 (1 eq.) in
THF or 9 :1 THF/n-hexane*, respectively, at � 78 °C via cannula. The
whole was stirred at � 78 °C for 30 min, then slowly warmed to
room temperature and stirred for 16 h. The reaction mixture was
concentrated under reduced pressure and the resulting residue was

suspended in n-hexane. The insoluble solids were filtered off
through a pad of Celite® and the solution was concentrated under
reduced pressure to give the crude product. The crude product was
purified by recrystallisation from Et2O/MeCN at –35 °C to give 1b–f
and 2b–f as solids. Compound 2d was partially purified by vacuum
sublimation. All vacuum sublimation experiments were performed
at 0.5 mbar. *The solution of GaCl3 in a 9 :1 mixture of THF/n-
hexane was prepared by first suspending the GaCl3 in n-hexane and
then slowly adding cold THF.

Tris(1-isopropyl-3-sec-butyltriazenido)indium(III) (1b)

Compound 1b was synthesised according to the general procedure
using sec-butylazide (0.72 g, 7.26 mmol) in Et2O (40 mL), isopropyl-
lithium (0.7 M in pentane, 10.4 mL, 7.26 mmol) and InCl3 (0.54 g,
2.42 mmol) in THF (40 mL). The crude product was purified by
recrystallisation to give 1b as a solid (0.79 g, 60%).

1b: Colourless solid, m.p. 177–179 °C (decomp. 235–240 °C). Sub-
limation: 100 °C. 1H NMR (300 MHz, C6D6) δ 0.92 (t, J=7.4 Hz, 9H,
CH3), 1.25 (d, J=6.6 Hz, 18H, CH3), 1.26 (d, J=6.6 Hz, 9H, CH3), 1.40–
1.58 (m, 3H, CH2), 1.63–1.80 (m, 3H, CH2), 3.80 (sext, J=6.7 Hz, 3H,
CH), 4.05 (sept, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ
11.5 (s, CH3), 21.3–21.7 (m, CH3), 23.8–24.1 (m, CH3), 31.1–31.3 (m,
CH2), 53.6 (s, CH), 59.8 (s, CH). LRMS (ESI, positive) m/z=542 ([M+

H]+). Anal. calcd for C21H48InN9: C, 46.58%; H, 8.93%; N, 23.28%.
Found: C, 45.58%; H, 9.20%; N, 23.52%.

Tris(1-isopropyl-3-tert-butyltriazenido)indium(III) (1c)

Compound 1c was synthesised according to the general procedure
using tert-butylazide (0.32 g, 3.23 mmol) in Et2O (20 mL), isopropyl-
lithium (0.7 M in pentane, 4.61 mL, 3.23 mmol) and InCl3 (0.24 g,
1.08 mmol) in THF (20 mL). The crude product was purified by
recrystallisation to give 1c as a solid (0.40 g, 69%).

1c: Colourless solid, decomp. 295 °C. Sublimation: 100 °C. 1H NMR
(300 MHz, C6D6) δ 1.24 (d, J=6.6 Hz, 18H, CH3), 1.37 (s, 27H, CH3),
4.04 (sept, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ 24.0 (s,
CH3), 30.9 (s, CH3), 53.9 (s, CH), 57.1 (s, Cq). LRMS (ESI, positive) m/z=

541 ([M]+). Anal. calcd for C21H48InN9: C, 46.58%; H, 8.93%; N,
23.28%. Found: C, 45.89%; H, 9.20%; N, 23.52%.

Tris(1,3-di-sec-butyltriazenido)indium(III) (1d)

Compound 1d was synthesised according to the general procedure
using sec-butylazide (0.25 g, 2.52 mmol) in Et2O (15 mL), sec-
butyllithium (1.4 M in cyclohexane, 1.80 mL, 2.52 mmol) and InCl3
(0.19 g, 0.84 mmol) in THF (15 mL). The crude product was purified
by recrystallisation to give 1d as a semi-solid (0.21 g, 42%).

1d: Colourless semi-solid. Sublimation: 95 °C. 1H NMR (300 MHz,
C6D6) δ 0.94 (t, J=7.5 Hz, 18H, CH3), 1.28 (d, J=6.0 Hz, 18H, CH3),
1.43–1.60 (m, 6H, CH2), 1.68–1.85 (m, 6H, CH2), 3.79 (sext, J=6.6 Hz,
6H, CH). 13C{1H} NMR (75 MHz, C6D6) δ 11.5 (s, CH3), 21.2–21.6 (m,
CH3), 31.0–31.4 (m, CH2), 59.7 (s, CH). LRMS (ESI, positive) m/z=584
([M+H]+). Anal. calcd for C24H54InN9: C, 49.40%; H, 9.33%; N,
21.60%. Found: C, 48.67%; H, 9.22%; N, 21.30%.

Tris(1-sec-butyl-3-tert-butyltriazenido)indium(III) (1e)

Compound 1e was synthesised according to the general procedure
using tert-butylazide (0.34 g, 3.43 mmol) in Et2O (20 mL), sec-
butyllithium (1.4 M in cyclohexane, 2.45 mL, 3.43 mmol) and InCl3
(0.25 g, 1.14 mmol) in THF (20 mL). The crude product was purified
by recrystallisation to give 1e as a solid (0.43 g, 64%).
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1e: Colourless solid, decomp. 283 °C. Sublimation: 110 °C. 1H NMR
(300 MHz, C6D6) δ 0.93 (t, J=7.4 Hz, 9H, CH3), 1.27 (d, J=6.6 Hz, 9H,
CH3), 1.37 (s, 27H, CH3), 1.41–1.59 (m, 3H, CH2), 1.67–1.84 (m, 3H,
CH2), 3.77 (sext, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ
11.4–11.6 (m, CH3), 21.1–21.5 (m, CH3), 30.9 (s, CH3) 31.1–31.4 (m,
CH2), 57.0 (s, Cq), 59.9 (s, CH). LRMS (ESI, positive) m/z=583 ([M]+).
Anal. calcd for C24H54InN9: C, 49.40%; H, 9.33%; N, 21.60%. Found:
C, 49.13%; H, 9.41%; N, 21.53%.

Tris(1,3-di-tert-butyltriazenido)indium(III) (1 f)

Compound 1f was synthesised according to the general procedure
using tert-butylazide (0.38 g, 3.83 mmol) in Et2O (20 mL), tert-
butyllithium (1.7 M in pentane, 2.25 mL, 3.83 mmol) and InCl3
(0.28 g, 1.28 mmol) in THF (20 mL). The crude product was purified
by recrystallisation to give 1f as a solid (0.60 g, 80%).

1f: Colourless solid, m.p. >300 °C. Sublimation: 120 °C. 1H NMR
(300 MHz, C6D6) δ 1.35 (s, 54H, CH3).

13C{1H} NMR (75 MHz, C6D6) δ
31.0 (s, CH3), 57.5 (s, Cq). LRMS (ESI, positive) m/z=584 ([M+H]+).
Anal. calcd for C24H54InN9: C, 49.40%; H, 9.33%; N, 21.60%. Found:
C, 49.20%; H, 9.27%; N, 21.47%.

Tris(1-isopropyl-3-sec-butyltriazenido)gallium(III) (2b)

Compound 2b was synthesised according to the general procedure
using sec-butylazide (0.31 g, 3.13 mmol) in Et2O (20 mL), isopropyl-
lithium (0.7 M in pentane, 4.47 mL, 3.13 mmol) and GaCl3 (0.18 g,
1.04 mmol) in THF/n-hexane (20 mL). The crude product was
purified by recrystallisation to give 2b as a solid (0.28 g, 55%).

2b: Colourless solid, m.p. 178–180 °C (decomp. 255–260 °C). Sub-
limation: 105 °C. 1H NMR (300 MHz, C6D6) δ 0.93 (t, J=7.5 Hz, 9H,
CH3), 1.28 (d, J=6.6 Hz, 18H, CH3), 1.28 (d, J=6.6 Hz, 9H, CH3), 1.44–
1.60 (m, 3H, CH2), 1.73–1.90 (m, 3H, CH2), 3.71 (sext, J=6.7 Hz, 3H,
CH), 3.95 (sept, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ
11.5 (s, CH3), 20.6–21.9 (m, CH3), 23.6–23.8 (m, CH3), 30.8–31.0 (m,
CH2), 52.8 (s, CH), 59.0 (s, CH). Anal. calcd for C21H48GaN9: C, 50.81%;
H, 9.75%; N, 25.40%. Found: C, 50.36%; H, 9.71%; N, 25.02%.

Tris(1-isopropyl-3-tert-butyltriazenido)gallium(III) (2c)

Compound 2c was synthesised according to the general procedure
using tert-butylazide (0.39 g, 3.93 mmol) in Et2O (20 mL), isopropyl-
lithium (0.7 M in pentane, 5.62 mL, 3.93 mmol) and GaCl3 (0.23 g,
1.31 mmol) in THF/n-hexane (20 mL). The crude product was
purified by recrystallisation to give 2c as a solid (0.44 g, 67%).

2c: Colourless solid, m.p. >300 °C. Sublimation: 100 °C. 1H NMR
(300 MHz, C6D6) δ 1.27 (d, J=6.6 Hz, 18H, CH3), 1.37 (s, 27H, CH3),
3.89 (sept, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ 23.7 (s,
CH3), 30.8 (s, CH3), 52.7 (s, CH), 57.1 (s, Cq). Anal. calcd for C21H48GaN9:
C, 50.81%; H, 9.75%; N, 25.40%. Found: C, 49.43%; H, 9.79%; N,
24.71%.

Tris(1,3-di-sec-butyltriazenido)gallium(III) (2d)

Compound 2d was synthesised according to the general procedure
using sec-butylazide (0.31 g, 3.12 mmol) in Et2O (20 mL), sec-
butyllithium (1.4 M in cyclohexane, 2.23 mL, 3.12 mmol) and GaCl3
(0.18 g, 1.04 mmol) in THF/n-hexane (20 mL). The solid was purified
by sublimation at 85 °C and 0.5 mbar to give 2d as a semi-solid
(0.31 g, 56%).

2d: Colourless semi-solid. Sublimation: 85 °C. 1H NMR (300 MHz,
C6D6) δ 0.94 (t, J=7.5 Hz, 18H, CH3), 1.31 (d, J=6.7 Hz, 18H, CH3),

1.43–1.65 (m, 6H, CH2), 1.75–1.95 (m, 6H, CH2), 3.70 (sext, J=6.6 Hz,
6H, CH). 13C{1H} NMR (125 MHz, C6D6) δ 11.5 (s, CH3), 20.6–20.9 (m,
CH3), 30.8–31.1 (m, CH2), 58.8–58.9 (s, CH). Anal. calcd for
C24H54GaN9: C, 53.53%; H, 10.11%; N, 23.41%. Found: C, 49.54%; H,
9.32%; N, 21.03%.

Tris(1-sec-butyl-3-tert-butyltriazenido)gallium(III) (2e)

Compound 2e was synthesised according to the general procedure
using tert-butylazide (0.36 g, 3.63 mmol) in Et2O (20 mL), sec-
butyllithium (1.4 M in cyclohexane, 2.59 mL, 3.63 mmol) and GaCl3
(0.21 g, 1.21 mmol) in THF/n-hexane (20 mL). The crude product
was purified by recrystallisation to give 2e as a solid (0.40 g, 61%).

2e: Colourless solid, decomp. 280 °C. Sublimation: 100 °C. 1H NMR
(300 MHz, C6D6) δ 0.92 (t, J=7.4 Hz, 9H, CH3), 1.30 (d, J=6.6 Hz, 9H,
CH3), 1.38 (s, 27H, CH3), 1.42–1.62 (m, 3H, CH2), 1.76–1.93 (m, 3H,
CH2), 3.64 (sext, J=6.6 Hz, 3H, CH). 13C{1H} NMR (75 MHz, C6D6) δ
11.3–11.4 (m, CH3), 20.4–20.5 (m, CH3), 30.8 (s, CH3), 30.9–30.8 (m,
CH2), 57.0 (s, Cq), 58.6 (s, CH). Anal. calcd for C24H54GaN9: C, 53.53%;
H, 10.11%; N, 23.41%. Found: C, 53.38%; H, 10.09%; N, 23.27%.

Tris(1,3-di-tert-butyltriazenido)gallium(III) (2 f)

Compound 2f was synthesised according to the general procedure
using tert-butylazide (0.42 g, 4.24 mmol) in Et2O (25 mL), tert-
butyllithium (1.7 M in pentane, 2.49 mL, 4.24 mmol) and GaCl3
(0.25 g, 1.41 mmol) in THF/n-hexane (25 mL). The crude product
was purified by recrystallisation to give 2f as a solid (0.56 g, 73%).

2f: Colourless solid, m.p. >300 °C. Sublimation: 120 °C. 1H NMR
(300 MHz, C6D6) δ 1.39 (s, 54H, CH3).

13C{1H} NMR (75 MHz, C6D6) δ
31.3 (s, CH3), 58.0 (s, Cq). Anal. calcd for C24H54GaN9: C, 53.53%; H,
10.11%; N, 23.41%. Found: C, 53.01%; H, 10.42%; N, 23.06%.

X-ray crystallographic data collection and structure
elucidation

Single crystals of 1f and 2f were grown from n-hexane at –35 °C.
The single crystals were used for X-ray diffraction data collection at
163 K on a Bruker D8 SMART Apex-II diffractometer, using graphite-
monochromated Mo Kα radiation (λ=0.71073 Å). All data were
collected in a hemisphere with over 95% completeness to 2θ
<50.05°. The structures were solved by direct methods. The
coordinates of the metal atoms were determined from the initial
solutions and the N and C atoms by subsequent differential Fourier
syntheses. The solution did not contain much residual electron
density, but it remained for a multitude of additional possible
positions of light atoms. All non-H atoms were refined, first by
isotropic and then by anisotropic approximation using Bruker
SHELXTL software. The H atoms were added in a riding approx-
imation and refined isotropically. The solutions of compounds 1f
and 2f gave one B-level alert each, which was caused by one atom
in each structure failing the Hirshfeld test. These two atoms had
significantly bent thermal ellipsoids, potentially caused by more
than one preferred orientation for these atoms. These ellipsoids
showed no preferred orientation upon manual inspection.

TGA

TGA was performed on Pt pans with a TA instrument Q500 analyser
housed in an MBraun Labmaster 130 dry box filled with N2 gas
(99.998% purity). Pt pans were cleaned by ultrasonication, first in
dilute nitric acid (~3 M), then water and 2-propanol. The pans were
heated until red hot using a propane torch to remove any
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remaining impurities. All TGA experiments were performed under a
flow of ultrapure N2 (99.999%, 60 sccm). For ramp experiments,
samples were heated to 500 °C at a rate of 10 °Cmin� 1. The
Langmuir vapour pressure equations for 1b–f and 2b–f were
derived from the TGA data with 10 mg of mass loading using a
previously reported method[45] and employing bis(2,2,6,6-tetrameth-
yl-3,5-heptanedionato)copper(II) as the calibrant.[46] The onset of
volatilisation was defined as the temperature at which 5% of the
precursor mass was lost.

DSC Analysis

DSC experiments were performed using a TA Instruments DSC Q10
instrument. Inside a N2 filled glovebox, samples of ~0.30 mg of 1b–
f and 2b–f were sealed in Al pans. Unless otherwise stated, all
samples and blank references were heated to 400 °C at a rate of
10 °Cmin� 1 and N2 (99.998%) was used as the purge gas. All
experiments were performed in triplicate with similar mass loadings
to ensure validity of the recorded data. Exothermic and endother-
mic events are indicated by positive and negative heat flow,
respectively.

Quantum-chemical calculations

All quantum chemical DFT calculations were preformed using
Gaussian 16 software.[47] Structural optimisation and harmonic
normal mode vibrational calculations were performed using the
B3LYP hybrid functional[48,49] together with Grimme’s version 3
dispersion correction[50] and def2TZVP basis set.[51,52] Minimised
structures were confirmed to have no imaginary frequencies.

Deposition Numbers 2157977 (for 1f) and 2157978 (for 2 f) contain
the supplementary crystallographic data for this paper. These data
are provided free of charge by the joint Cambridge Crystallographic
Data Centre and Fachinformationszentrum Karlsruhe Access Struc-
tures service www.ccdc.cam.ac.uk/structures.

Supporting Information

NMR spectral charts, TGA and mass loss curves, DSC data, and
computational details.
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